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DETERMINATION OF LONGITUDINAL STABILITY PARAMETERS 
BY STEADY STATE FLIGHT TESTING AND THEORETICAL 
CALCULATIONS FOR THE -RYAN NAVXON AIRPLANE 

Summary 

A series of steady state flight tests were made to determine the longi- 
tudinal stability parameters for the Ryan Navion Airplane, and the results 
were compared to values calculated from theoretical considerations. 

It was found that the steady state flight test values for the stability 
parameters agreed very closely with the theoretical values. The differences 
averaged approximately 6% except for the damping derivatives C m ^ 0 and in 

which greater differences were encountered. These differences were not consis- 
tent, in that in some oases the power-on values agreed closely while in other 
conditions the power-off values were more nearly equal. Similarly, the clean 
and landing conditions had no trend in the differences between the steady state 
flight test values and the theoretical values, with the result that assignment 
of error to either analysis is not feasible. 



Introduction 



Previous investigations have determined the longitudinal airplane stabi- 
lity parameters from flight tests for numerous aircraft models and configura- 
tions using dynamic or static flight testing methods. The results of these 
investigations have been compared with those determined from theoretical 
calculations. It is the purpose of this investigation to afford a basis of 
comparison for all three methods of parameter determination. 

This report may be considered as part I and II of a three part investi- 
gation* Parameters were determined by steady state flight testing and by 
theoretical considerations. Report No. 231 determines the longitudinal air- 
plane stability derivatives by dynamic testing methods. A comparison of the 
parameters obtained by all three methods are attached to this report as an 
appendix. 

The steady state flight testing was done at four center of gravity posi- 
tions using conventional flight procedures and instrumentation. Two configu- 
rations, landing and clean, were tested under power-on and power-off conditions. 

This investigation was conducted at Princeton University during the 



spring term of 1953 



PART I 



THEORETICAL STABILITY ANALYSIS 
Procedure and Discussion 

The theoretical treatment of the various stability derivatives and air- 
plane parameters was based primarily on methods outlined in Reference (1) and 
supported by various NACA reports, and other textbooks. The flight conditions 
that were selected corresponded to actual conditions encountered in the steady 
state flight tests. That is, for clean power-on condition, the airspeed and 
power reqvu red was as determined from actual flight tests. 

It was assumed throughout the theoretical development that the airplane 
behavior was essentia] linear and that certain higher order effects were small 
and could be neglected. 

The equation for the summation of moments about the airplane center of 
gravity can bo written: 

C ncg ’ C 1 M * C mao * C mHJS " C Lt 1 ’it * T c J- 

• C np i£ft , 0 

w 

/ 

Since the tail lift coefficient is the only unknown, it can be found by 

substituting the following relation for C r . 

hf 

C L W » C La " C Lt ~ ?lt 
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Having solved for C^, it is now possible to solve for the derivative 
dC m 

— id from the following relation, which is simply the derivative of the moment 
dC L 

equation; 



dC m Xa dT c 2D 2 z dC n p jn 

d c L ° C dC L ^ C dC L s w C 



- — V (l 
®w [ 



de 

d<** 





(dCm) 



FUS. 



The determination of the various derivatives are as shown in "Sample 
Calculations," and the values of the various constants are as shown in the 
sections concerning airplane data, notation, and specifications. 

The control fixed neutral point can now be evaluated, since 



n 



dCm 



C S dC L # 



In order to determine the elevator hinge parameters C h and C h „ .it 
was necessary to use wind tunnel data contained in Reference (7). The two 
dimensional data v/as then corrected to three dimensional flow and further corroctc 
for overhang balance by methods contained in References (l) and (8). 

The elevator power, C m s - a t V 7^ 7T , as developed in Reference (l), 

o 

can bo computed from known values. The factor, T , can be obtained from a 
plot in the above reference and is based on the ratio of elevator area to 
horizontal tail area. 

The Navian airplane has a mass unbalance in the elevator control system 

| 

which produces a nose down moment. This unbalance was. measured and found to 
be equal to 10 ft. lbs. 

It can be shown (Reference (l) that; 

u 0 - V . - c mj C h^ / 1 . it ) . c n l 

\ d '/ V s % % % 
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where: s mass unbalance * 10 ft. lbs. 

From the above relation N Q f can be computed since all factors are known 
or can be found. 

Similarly, in steady turning flight: 



\ = N c - 63 g lteC nj ( 1 ♦ 



2 W/S 



\) 



and. 



2 W/S c h<r V n /v * 



1.1 C 



hj 



where n - normal acceleration. 

, Two other derivatives of interest can bo computed from known values, . 
namely: 

C md* - " a t 



and 

c md® = - 1.1 H f >U7 jj 

C n de is a damping derivative and accounts for the tail damping in pitch. 

The factor 1.1 was used to account for the damping of the rest of the airplane 
which was assumed to be 10 % the value of the tail damping. 

The derivative was computed in two ways in order to compare with 

steady state and with dynamic flight test results. For steady state compari- 
son: 



= c , - N 0 ) 



">* * "Lc. '“"g 

For dynamic comparison: 



C 

moc 






( X cg * N m ) 
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In order to determine the slope of the airplane lift curve, power off, 
it can be assumed that: 

C La = C l^ + C L t 
It can then be shown that: 



V * a t (i - li) 



1 -1 



'cl Cm 



W-'nx H 



where 




- N 



o 



Tho foregoing indicates the methods used to determine the various deri- 
vatives and parameters theoretically. In the !, Sample Calculations" section, 
the complete solution of one flight condition is shown. 

Where applicable, an altitude of 6,500 ft. 7/as assumed which was the 
average altitude encountered in flight tests. Ir maneuvering flight calcula- 
tions, an average value of acceleration was used which from flight tests was 
found to n = 1.3. 
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Navion Specifications and Notations: 

Wing area, 5 W - 184.2 ft 

Horizontal Tail aroa, - S^. a 43 ft 

2 

Elevator area ■ 15.04 ft 
Aspect Ratio, Wing a A a 6.04 
Aspect Ratio, Tail * A fc ■ 4.02 
Wing Span * b ■ 33.58 ft. 

Tail Span ■ ■ 13.17 ft. 

MAC Wing, C « 5.7 
MAC Tail = C t = 3.34 
Tail length. It • 15.04 ft. 
Incidence, Yfing, iw s 2° (at root). 
Incidence, Tail, it = ” ® 

Airfoil, Wing, * RootsHACA 4415 R, 
Airfoil, Tail, « NACA 0010 
Dihedral s 7.5° 

Wing Taper Ratio : A ■ 

Wing Aerodynamic Center, a* c# s 
Horizontal Tail, Taper Ratio s A 
Length overall - 27 0 25 ft* 

Wing Root Chord — 7.2 ft* 

Wing Tip Chord s 3*92 ft. 
Elevator: 

Root Chord 5 1*5 ft. 

Tip Chord - 1.0 ft. 



« 1° (at tip) 
Tip: NACA 6410 R 



.242 

t = .67 



Stabili zor: 



Root Chord s 2.5 ft. 

Tip Chord * 1.67 ft. 

Viing Flap: 

Type: Plain 

Root Chord ■ 1.58 ft. 

Tip Chord . 1.25 ft. 

Span ■ 9 ft. 

Max. Deflection ■ 40° 

Distance from root quarter chord to leading 
edge of horizontal tail s 170 in. - 14.15 ft. 

Distance from root quarter chord to propeller 
plane ■ lp » 7.64 ft. 

Propeller diameter - 7 ft. 

Thrust axis is parallel to fuselage reference line. 
Elevator gearing, G - 1.05 rod/ft. 
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= lift coefficient. Subscripts a, w, t denote airplane, wing, 
and tail, respectively, 

C m 9 moment coefficient. Subscript "ac" denotes moment coefficient 
about the aerodynamic center, subscript T, FUS" denotes moment 
coefficient due to the fuselage, etc. 

V s velocity, fps. 

SI 

V z tail volume = Ji m .616 

Snw- C 



z thrust coefficient « p 



SHP 



m 

A 



p V 3 D 2 



Ap 


■ 


propeller efficiency 


SHP 


= 


shaft horsepower 


e 


Z 


air density, slugs/ft 3 


V 


= 


airplane velocity, fps 


D 


«■ 


propeller diameter, ft 



c.g. = 

z » 

c<~ = 



center of gravity. 

perpendicular distance from c.g* to thrust line, positive 
downward, ft. 

angle of attack. Subscripts w, t, p, denote wing, tail, 
and propeller thrust axis respectively. 





S 


- 2° 




x cg 


= 


c.g. position 


in per oent of chord. 


Xac 




a.c. position 


in per cent of chord. 


Xa 

C 


= 


X cg - Xac = 


distance from c.g. to 



np - 



of chord. 

propeller disk area ■ - 38.5 ft 

4 

Propeller Normal force coefficient. 

W/g, Mass. 

airplane relative density factor c 



m 



e s c 

w 



t 



m 



- time constant 

ev 

N 0 - Control-fixed neutral point. 

N 0 * - Control-free neutral point. 

N m = Control-fixed maneuvering point. 

N f m - Control-free maneuvering point. 

Flight Configurations Investigated 

Clean Condition — Power On: 

V - 126 mph 

SHP = 130 

W « 2670 lbs. 

Clean Condition — Power Offs 

V * 128 mph 

SHP = 0 

W = 2670 

Landing Condition — Power On: 

V - 78 mph 

SHP = 14 5 

W - 2670 

Landing Condition — Pov/er Off: 

V = 78 mph 

SUP 3 0 

W = 2670 

The above conditions were investigated at center of gravity position, 
X C g b .212 (Clean Condition). 

.Note: Lowering wheels for landing condition moves the center of 

gravity forward .5% m 
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Additional Data 

In addition to the general airplane specifications the following data 
is presented: 

a) C M = -*034 2 for MCA 4415K. 

' mac 

When corrected for three dimensional flow: 

Clean Condition: 

C mac = Ec in ac » (1.08) (-.0342) . -.037 

Landing Conditionj 



(Reference 1) 



■'mac 



Fo 



mac * ^'^°mac * Hl^ 



- .037 * (.72) (-.19) * 0 - - .174 



b) ( d CL ) 

( d<*. ) = H 

Wing 



f a f 



i a 57.3 n 

1 + &o 



TT A 



(.998) ( o 106) 



w 



57.3 (.106) 

TT 6.04 



= .08 



(Reference 1) 



c) a t = 



A 



AE 4 . & 

0 rr 0 



where ; 


AE 


A a A 


H ■ 


0 A * 2 

(4.02) (.108) 


4.7 ♦ 


57.3 (.108) 
TT 


lw = 


<*0 T 

root 


* JB 


6 = 


°<o L 

Hip 


“ 0 | 

J root 


J z 


- .41 




c/ ' e> LW 


-4 ♦ 


(-•41) (-2) 



= 4.7 



(Reference 2) 



« .065 

(Reference 1) 

- _S + 4 = -2° 



r -3.2 
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d) (Continued) 



i 



♦ 2 



,0 



root 




e) Change in angle of zero lift with flap defleotion: 



A ^ ^ - - K A C ^ 



(Reference 1) 



z -(6.7) (.88) 



A l K — S* 9 



(See FigJ-1) 



f) Since propeller curves were lacking. Reference (4) was used to 
determine propeller characteristics. For the propeller effi- 
ciencies obtained, four per cent was arbitrarily subtracted 
for propeller surface roughness. 

Clean Condition: r .78 



g) In Fig.I«2 downwash, 6 , is plotted vs. wing angle of attack, <*** • 

The curves were drawn from calculations based on Reference (3). 




Landing Condition: 



.68 



Clean Condition: 




Landing Condition: 
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h) Slipstream velocity ratio; 

Clean -- Power On: 
p 






(Reference 1) 






= 1 ♦ l T o s 

n 



( t 



550 






SHP 



fV 3 D 2 



• 078 (See "Flight Conditions 
Investigated • " ) 






8 (.078) 

7T - i.8 



Since only approximately one-half the horizontal tail is 
immersed in the slipstream of the propeller it will be 
assumed that the effective velocity ratio is: 



pj 



...si 

TT 2 



1.1 



An additional correction for fuselage boundary layer and 
interference effects must be applied as given in Reference 5. 
This correction is -.07 whioh gives a final value for 
velocity ratio: 9 



W 



1.1 - .07 



1.03 



Similarly; 



Clean -- Power Off: -j s «93 



Landing Condition: Power On: 



Power Off 



$ ■ 

■ (tf • ■ 
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(d CL) 



FUb 






S w c 



«w 



_ (.Ol)(16)(25) 

(184.2)(5.7)(.08) 



(Reference 1) 



( d c n) 

(d CL) 



FUS 



r .048 



j) From Reference 6: 



% 



d C 



£Z 



d c< 



Clean Condition: 



,j p . 

Powq r On : \ np) 

(d « p ) 



- .12S5, per degree 



Power Off: 



< d w 

(d e* ) 

p't 



= .121, per decree 



Landing Condition: 

Power On: ^ ^ np) 



Power Off: 



= ,1015, per degree 



< d C np) 

< d "■ »)„ 



.0825, per degree 



- 0 



k) d . . C » P = ^n£ He ; 1±£ = 1 * H 



d CL p d CL d CL 

1 . - 



^AT 



d<>x 



(Reference 1) 



1.15 (from upwash charts in Ref. 6) 



d cx 



d CL 
d C. 



£ = 



lol5 



d CL 



np - 



(.08)(57.S) 



(.251) d C np 
d<* n 



* .251 



15 - 



d** 

Glean — 

f> 

Clean — 

0 

Landing 

C 1 

Landing 

0 



A + B (1 ° n P^ 



(Reference 6) 



Power On i 

ae „ 



d <* 

de ae 



d <* 



d * 



(d “ P ) T 0 . O 

.05 ♦ ( . 26 ) ( . 121 ) , 
= (.48 - . 082 ) 



.082 



= .398 



■ Power Off: 



d € 



■ 2 - = 0 ♦ (, 26 )(. 121 ) . . 



d «< 

de d € 
d< * " 



Condition — Power On: 



032 



E . ^ * (.48 •• . 032 ) ss .448 



d € 



d 



£ s .15 t ( . 26 )( . 0825 ) . .1714 



de de 
d(K " d ^<" 



) 



(.65 - . 1714 ) * .479 



Condition — Power Off: 



d € 



d o< 

de 

dc* 



.0214 



de . 

d cs 



♦ (, 26 )(. 0825 ) 

• (.65 - . 0214 ) s .629 



Sample C alculations for Stability Parameters 



Clean 



Xa 

meg = 1^ T + C mac * c mFVS 



- C 



Lt 



* fc) • 



p 21) 
0 Sw 



z 

C 



f c -E. f£ - o 

f C nps w T ° 



'La 



s t /v - 2 

= C L ♦ c j ~ / v a 

% L t 




— Powe r On : 



CP 



ac 



.212 C 
.242 C 



= -.625 ft. 



.365 



.0781 



= C LW 



C ( 45 ) (1.03) 

Lt (134.2) 



= .365 



meg 



-.03 (.365 - .24 C Lt ) - * 37 * ( .040 )( .365) 



-C Lt ( » 616 ) (1.03 ) ♦ (.0781) (2)(7)^ (-.625) 

(184.2) (5.7) 



, (.1295)(.251)(.365)(7.64)(38.5) , 0 

(184. 2) (5. 7 ) 



Lt 



- - ,050 



-1 
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Clean 



dC 



m - 



dC, 



Xa 

C 



dT 



c 2D 2 z_ ♦ d ° n P 

dCL Sw C dC L c 



H v /; 
«W V 



1 - 



de 

d«K 



dc 



d« X TT 



- C 



Lt 



d Cr 



(d Cm) 
* (d CL) 



FUS 




d C T 



8 

TT 



d T ( 
d C T 



1.74 



P C L« 



= (l.74)(.78)(.365) a = .82 



dC T 



in 



= -.03 



* ZT («82)(2)(7)^(-.625) + ( . 1295)( . 251 )( 7 . 64 )(38. 5) 



( 184.2 ) ( 5.7 ) 



(184. 2)( 5.7 ) 



- (.065) ( • 616 ) ( ,398) (1.03) - (-.050)(.616)(.82) r .048 

(.08) 



dC 



m 



dCr 



« -.172 






.212 ♦ .172 



.384 



-- Power Off 



dC, 

dC r 



m 



Xa 

C 






f (dOm) 
(dC L ) 



FUS 
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dC L = ..03 * (.121)(.251) (7.64)(38.5) _ ( .065)( ,616) ( .448 )( .93 ) 

(184.2)(5.7) (.08) 



Landing Condition -- Power On: 
X cg = .207 C 



X ac « .242 C 



z = -.75 ft. 



C La = - 88 



T o = * 29 



C s C T ♦ n 

meg 3 % c ♦ - ma0 



T C 



rnFJS Lt l — 




v r 8 



* T 2 D 2 z 

* -c 



s* c 



C La 3 ° 



h.h. = o 

np C 

(H) - ■ 2 



% * ° L M %>(t) 



= .88 



C U, ■ - 88 - c Lt kefej U - 3) 



Z .88 - .303 C Lt 



C = -.035 (.88 - .303 C lt ) - .174 * (.048)(.88) 

meg 

- C Lt ( . 616)( 1.3) (.29) (2)(7) 2 (-.75) ^ ( . 10 1 5)( . 251 )( . 88 ) (7 . 64 )(3£ 

(184.2)( 5.7 ) * (184. 2)( 5.7) 



C Lt * -224 
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dC m Xa 



dT o 2D 2 
d ^ L Svr 



C 








♦ ( dC m) 
< dC L>Fus 



= -.035 ♦ (.488) (2)(7) 2 (-.75) 

(184. 2 )( 5.7) 



( . 101 5) ( «25l)(7.64)(38«5) 
( 184.2 ) ( 5.7 ) 



(.065) (.616)(.47«)(1.3) - (-. 224 ) ( .616 ) ( 1. 11 ) * (.048) 
(.08) 



dCrn 

dC L 



.178 



Landing Condition — Power Off: 



dC m s Xa t dC np d p So -J*t_ y 
dC L C dC L V ~ a w 







♦ ( dC *) 

^ d “L^fiys 



035 ♦ («082S)(.2S1)(7.64)(38.5) 

(184. 2) (5.7 ) 



( .065 )( . 616) ( . 629 )( .93 ) * .048 
(.08)' 




-.274 
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Elevator Hinge Moment Parameters; 

(References 1,7 and 8) 



II 

* 

o 


- .0048 


°h^ - 


- .011 


« 


c h ~ » - .0048 (.08) _ 

* a o Uioe) ‘ -* 0036 


° h d ■ 


% » C ( °>V - V ) 


z = 


.54 


% = 


- .011 ♦ (.54) [_ - .0036 ♦ .0048 1 = -.0104 



Elevator Power; 



o 

3 

ll II 


- a t V7 ]t X 

- (.065)( o 616)(1.03)(.54) 


c mj = 


-.0223 (Clean -- Power On) 



H - N * . , C m/ C h^ / 1 d€ \ _ M b C m<f 

0 "w % ^ ^ i W/S C S 0 c e 

6 

where: HM, - elevator balance due to effective mass 

D 





unbalance « 10 ft, lbs. 


o 

1 

o 


= -(-.0223 )(-.0036)( .48 ) _ (10)(-.0223) 

(.08) (-.0104) ( 14. 5)(-.0104)( 15.04 )( 1.25) 

z .0463 - o0788 = - .0325 


V 


■ .384 + .0325 ■ .417 (Clean — Power On) 
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= K o ” lt 1 Sv ( 1 + ~ ) (Steady turns) 

2 W/S V / 



N 

m 


r 


O 

1 




= 


«. -1 




- 


N 0 ♦ 


N 

m 


3 


.384 ♦ 


V 




V • 




- 


V ' 




- 


“o’ ■ 


N ’m 




.417 



(65)(52,2)(15.04)(.00196)(-.Q223) / i 



(2) (14.5) 



(1.3) 2 



,384 + .073 ■ .457 (Clean -- Power On) 



V = "o' - f - 3 £h£ W_ / j , j_Vc h - i-i c hi< \ 
2 w/S c h V n Z /l “ X. ) 



' h / 

. 2 ) ( 

(2)(14.E)(-,0104) 



, . (S7.a;^?J . ( . l V°*)(-00^ 6 )(--° 22S )(1.59) (-,0056 -( 1. 1 ) (-0104 ) 

.54 



) 



Cloan ~ Power On: 



w -H 



A = 



ra 



esc 



2670 



= 40 o 4 



( 32, 2 ) ( O 00196)( 184. 2)( 5,7 ) 



■ , mdc< = 



-1^, • ?.?■ ■ - .00140 per degree = -.08 per radian 

(40.4 )( 5.7 j 



C md© = -1.1 H v \t h. I 

C A 

s - (1.1)(.0G5 )(q616)( 1.03) (15,04) 
(5.7) (40.4) 



C md© = P er ^og^ee 

s -.17 per radian 



IHcX 



X 0 g : .!t 



C L* (*cg - »o> 

( *08 ) (- .08 ) ( 57.3) = - .37 per radian 
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Airplane lift curve slope: 




(dC*) _c_ 

(<* c L)nx !t 



Clean — Power Off at Mid -c.g.j 

( dC m) 

< dC L>FIX = ' *° 9 

c .08 ♦ (,065) (43)( .93)(.48) 

L< * " (m.z) 



. (5.7) (-.09) 

" (15.04) 



•084 per degree 



Table I - 1 



Tabulated Results 





Clean Condition 


Landing Condition 


Parameter 


Power On 


Power Off 


Power On 


Power Off 






.084 








-.022 


-.020 


-.028 


-.020 


No 


.38 


.39 


.39 

! 


.48 

! 


V 


.42 


.42 


.41 

' i 


.50 

| 


N 

m 




.40 


i 

, 1 


• 

i 


N f 

m 


.53 


.52 


i 

i 




c m (based 
on N 0 ) 


-.37 






! 


C nu ( based 
onN m) 


-.75 








^md© 


-.17 


-.15 








-.08 


-.073 


i 

f 
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PART II 



DETERMINATION OP AERODYNAMIC PARAMETERS BY STEADY oTATE -PLIGHT 

TESTING METHODS 
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PART II 



DETERMINATION OF AERODYNAMIC PARAMETERS BY STEADY STATE FLIGHT 

TESTING METHODS 



All of the steady state flight testing was done in Ryan Navi on, 
N5113K. The steady state tests involved 20 hours of flying time and 
covered a period of three months, February 13 to May 13, 1953. 

Due to the fact that additional instrumentation for the dynamic 
tests was being installed and also because additional weight was 
required to move the center of gravity to the rear positions, the 
maximum gross weight of the airplane increased from 2670 to 2875 lbs. 
during the period over which the tests were conducted. This increase 
and also the weight of the fuel consumed during each test were con- 
sidered in the determination of the lift coefficients in the process 
of data reduction. 

Center of gravity changes were made by moving and securing lead 
weights to the aircraft's structure to obtain a range from 21.2 to 
37.8 percent of the mean aerodynamic chord. The lowering of the 
landing gear and flaps moved the center of gravity forward 0.5 percent. 

The steady state flight project may be considered in three areas, 
Flight Test Procedure, Flight Test Data Analysis and Instrumentation. 
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FLIGHT TEST PROCEDURE 



Static Stability Tests: 

Flight tests were conducted with two external configurations 
and two power conditions for each configuration. The power on, clean 
configuration was trimmed at 128 miles per hour with a constant power 
setting which produced an average of 130 horsepower. The power settings 
were adjusted at the beginning of each test to compensate as much as 
possible for atmospheric conditions. The power off, clean configura- 
tion was trimmed at 107.5 miles per hour using approximately 10 inches 
of manifold pressure, a power setting which simulated a feathered 
propeller. 

The landing configuration was flown with the landing gear and 
flaps full down and the cowl flaps closed. The trim speed for both 
power on and power off landing conditions was 78 miles per hour. 

The aircraft 'was trimmed at the mid altitude of the altitude 
range over which the tests were flown. Normally the range extended 
1000 ft. above and below the mid altitude which was 6500 ft. The trim 
tab was not adjusted after the initial trim for each test was made. 

The aircraft ms steadied in each attitude and corresponding 
airspeed at which data were obtained. Stick force, elevator angle, 
angle of attack and airspeed readings were taken at each point and 
altitude, temperature and fuel level readings were taken periodically 
during the tests. 
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Maneuvering Stability Tests : 



Only tiie clean configuration was tested for maneuvering stability. 
The power on and off conditions corresponded to those used for the 
static stability tests. The same trim procedure and mid altitude were 
also used. The range of altitude over which the tests were conducted 
extended about 1500 ft. above and below the mid altitude, this in- 
crease in altitude range was due to the greater rate of descent and 
longer time required to steady the aircraft in maneuvering flight. 

Normal acceleration was experienced by placing the aircraft 
in a left bank while maintaining a constant airspeed of 128 miles 
per hour for the power on condition and 107.5 miles per hour for the 
power off condition. An increase in bank yielded a corresponding in- 
crease in normal acceleration. Elevator angle and stick force readings 
were taken by the observer while the pilot read the acceleration. 
Periodic temperature, altitude and fuel level readings were made. 

In general, the flight test procedures followed corresponded 
to those perscribed in Part II of the Naval Flight Test Manual, 

Ref. 9. 
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FLIGHT TEST DATA ANALYSIS 



The flight test data were reduced as indicated in Ref. 9. 

An example of static stability data reduction is as follows: 

<W 2875 lbs - 

King Area = S = 184.2 sc . ft. 

C.G. position = 57.8% IJ.A.C. 

Condition - Clean 

Weight of fuel = 6 lbs. /gal. 

Fuel consumed to reach test altitude = 14 gal. 

Fuel consumed during test = 3 gal. 

Average aircraft weight during test = 2875 - 15.5 x 6 = 2782 lbs. 

Dynamic pressure = q = 0.00256 (mph. ) 

Lift coefficient = C L = W_ = 2782 = 15.1 

qS 184 . 2q q 

at 124 mph.; 

q = .00256 (124) 2 =59.4 

Cl = 15.1 = . 383 
59.4 

The elevator angle, angle of attack and stick force reduction 
merely consisted of applying the calibration curves to the readings 
obtained during the flight test. 

The reduction of the maneuvering stability was similar to that 
described above with the following exception: 

C L = nW - f where n = normal acceleration. 
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Figs. II-2 through II-5 are plots of the elevator angle versus 
the airplane lift coefficient for the static stability tests. The 
elevator power, C m , was determined for the various configurations 
and power conditions from these curves by the relationship: 



■'m. 



= _ Cl^J 



A8 ( 



where A x ac is the change in center of gravity position divided 
by the mean aerodynamic chord to render it dimensionless; andA&g, 
is the change in elevator angle encountered at constant lift 
coefficient over the center of gravity range used. is the lift 
coefficient at which the change in elevator angle is measured. 

An example of the calculation involved is as follows: 



Condition - Power on, landing. 



Cj^ — • 88 



at c.g. 
at c.g. 



position = 57.3JS m.a.c.; 12*65 degrees, 

position = 20.7.^ m.a.c. ; £> = 4.55 degrees. 

- 3.0 degrees 



A x = .166 
ac 

A8 e= 12.65 - 4.55 - 3 = 5.10 degrees 

C m = -.88 (.166) = -.0286 

h (5.10) 



The difference in values of elevator angle for zero lift, , 
is believed due to the different settings of the trim tab required 
to trim at the same speed for the four center of gravity positions 



i 

j 
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at which the tests were conducted. It is believed that the effect 
of the tab is merely a translation of the versus curve to a 
higher Se 0 for the more rearward center of gravity positions. On 
this basis, the values of were determined considering the 
curves to be translated to such an extent that a common value of $ Gq 
exists for the four curves. 

Figs. II-6 through II-8 are static stability plots of stick 
force divided by dynamic pressure versus airplane lift coefficient 
for the various center of gravity positions. Some rather unexpected 
curvatures for this type of plot were encountered for which no 
complete explanation can be given. This was, perhaps, partially 
due to the relatively low stick forces which may have been erron- 
eously indicated near the trim condition due to a certain amount 
of friction in the control system. It is not believed that the air- 
plane possesses non-linearities to the extent indicated. However, 
the overall results compare favorably with the theoretical cal- 
culations, indicating that these data are representative. 

Figs. II-9 and 11-10 represent the variation of elevator 
angle with normal acceleration and lift coefficient, respectively, 
for maneuvering flight. Both plots are provided /since there was a 
variation of weight for the various center of /gravity configurations 
and the lift coefficient can no longer be expressed as the normal 
acceleration multiplied by a constant over the entire center of 
gravity range. The curves are linear since it ms not feasible 
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to obtain a high enough normal acceleration to get noticeable 
non-linear elevator action. 

Figs. 11-11 and 11-12 indicate the variation of stick force 
vdth normal acceleration in maneuvering flight. A small amount of 
curvature at the higher accelerations and more rearward centers of 
gravity indicates the normal trend. 

The stick fixed neutral points for both clean and landing 
configurations are indicated on Fig. 11-13. The neutral points 
are invarient v.lth lift coefficient since the elevator angle versus 
lift coefficient curves are linear. 

Figs. 11-14 and 11-15 show the location of the stick free 
neutral points. More stability is indicated as lift coefficient 
increases in the power off condition while the reverse is true 
for power on flight. 

Figs. 11-16 and 11-17 indicate the stick fixed and stick free 
maneuvering points. The trends appear normal. Both the stick free 
neutral point and the stick free maneuver point are located behind 
their stick fixed counterparts due to the statically unbalanced 
elevator installed on this aircraft. 

The airplane lift coefficient versus angle of attack is plotted 
on Fig. 11-18 for one center of gravity location. The variation of 
lift curve slope vdth center of gravity position is shown on Fig. 11-17. 
Since the variation should normally be linear, the points were faired 



in this manner. The non-linear location of the points is believed 
due to calibration difficulties and the relatively large effect of 
scattered points on the determination of the lift curve slope. 

The general trend, however, appears proper. 

C„ . , C and C were calculated using flight test data in 

“de * 

equations developed from theory. The evaluation of these derivatives 
was done as follows: 

The elevator angle is related to the elevator angle at zero 

lift, the stick fixed .stability margin, C m and the damping in 

c 

pitch in accelerated flight as indicated below. This relationship 
is set forth in Ref. 1. The stability margin for C£, V = constant, 
was assumed to be approximately equal to the stability margin 
for V = constant. 



V C 4 (3?) 



-63 & 



(VsCwwst) 



:e 



■ >vv 



(x c4 -h) - 43 T£ (v»-l 

V.-c.jf, Cwsr V 



s e - [cv c5 - N.) n + 6 3 ( w- 1 







rr rr 



For clean condition, power on; 



N - Z>7% ra.a.c. 
o 



eg u - const. 



< x cg ^‘o^C T V^_ 
n = 1.3 

q = 42.0 



= -.046 



dS« 

-r- = -2.25 
dr\ 

V/ avg> = 2682 I to- 



C_ = nW = ,347n 
L qS 



C = -.0226 

8 



-2.25 = -.547 (-.046 + 50.25 C )| 

-.0226 L 



-.0226 

C = -.1466 ± .046 = -.002 / degree or -.1146/radian 

d© 50.25 



C = C d€ 
“dex a dg doc 



d€ = . 52 from theory 

3<* 



Therefore, for clean condition, power on; 



C m = -.1146 (.52) = -.0595 

m d« 



= *(* og - M 0 ) 

^ dC L doc 



For power on, clean condition, center of gravity location = 32.4^; 

C_ = 57.3 (.106) (-.061) = -.370 
The aerodynamic parameters obtained from steady state flight 
testing for the configurations and power conditions investigated are 
listed in Table II-l. Where parameters vary over a range of lift 
coefficients or normal accelerations, the value of that variable used 
in the calculation is indicated. 
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Table II-l 





Clean Condition 


Landing Condition 


Parameter 


Power On 


Power Off 


Power On 


Power Off 


°L« 


.101 


.090 


.104 


.1025 


C m& 


-.0226 


-.0219 


-.0286 


-.0244 


No 


.370 


.385 


.583 


.413 


N 0 ‘ 


.435 


.438 


.433 


.495 




.448 


.474 


yr — 


— 


V 


.592 


.506 


— 


— 


c maa 


-.1146 


-.130 


— 





C m<4oc 


-.0595 


-.0675 




— 


Cm^ 


-.370 


-.253 


-.407 


-.570 



Average values of C^ were taken at a center of gravity 
position at 26 percent of the mean aerodynamic chord. 

^LC clean) = - 356 n = 



8 L( landing) “ * 88 



of 



C™ . , C„ , and C calculations correspond to a center 

gravity position = 32.4 percent of the mean aerodynamic 



chord 



INSTRUMENTATION 



Power Supply ; 

Storage batteries, connected to furnish 24 volts, provided 
the power supply. The autosyn instruments were excited by 40 volts, 
alternating current, which was obtained through the use of a 400 
cycle, 115 volt, inverter followed by a high frequency variac. 

Stick Force Measurement : 

Four Baldwin SR-4, type A-7, strain gages were installed on 
a wheel built for stick force measurement and were connected to form 
a bridge circuit as indicated in Fig. II-l. The voltage to the strain 
gages was maintained at 15 volts throughout the tests. The bridge 
balance provided for the centering of the microammeter for zero 
stick force. The sensitivity was adjusted to and maintained at 
20 lbs. per 100 microamperes. The calibration of the installed 
system was very nearly linear. 

Angle, of Attack Measurement : 

The angle of attack indicator was installed on a boom mounted 
on the left wing tip and extended four feet ahead of the leading 
edge of the wing. The vane was connected to the Pioneer AY-101D 
autosyn transmitter by a 12 to 1 gear ratio. A small plate was 
attached to the shaft of the vane within the head of boom. 
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Damping was provided by the movement of the plate through the oil, 
with which the head was filled. A Pioneer AY-5 autosyn repeater 
was mounted in the cockpit to give angle of attack indications. A 
relatively high excitation voltage, 40 volts, was used on both 
the angle of attack and elevator angle systems. This voltage setting 
appeared to reduce the repeater lag and needle oscillations almost 
entirely . 

The angle of attack calibration was linear with the exception 
of the correction for position error. The position error was deter- 
mined by measurement of the actual angle of attack in level flight 
with a propeller protractor. 

Elevator Angle Measurement: 

A 17 to 1 ratio of elevator movement to autosyn repeater 
movement was obtained by the use of a horn mounted on the elevator 
spar center flange and connected to the autosyn transmitter by 
waxed nylon line. The line was wrapped around a half inch pulley 
installed on the autosyn transmitter shaft and was secured to the 
trailing edge of the vertical fin by means of a light wire spring. 
Several turns of the chord were required around the pulley to pre- 
vent slippage. A Pioneer AY-5 autosyn repeater- gave elevator angle 
readings in the cockpit. 

The elevator position system calibration was linear. The cal- 
ibration changed slightly over the period during which the flight 
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tests were made but remained constant during any one flight. Thi3 
was determined by calibration before and after flights. Calibrations 
made after each flight were used to reduce the data obtained. 
Acceleration Measurement : 

A mechanical accelerometer was built and used to obtain maneu- 
vering flight data. The accelerometer consisted of a weighted metal 
tube suspended on a spring and mounted inside a glass tube. The 
position of the upper edge of the metal tube in relation to the cal- 
ibration mounted on the glass tube provided for a direct reading of 
acceleration. Reasonably accurate readings to .01 g could be made. 
The accelerometer was suspended from the upper cockpit structure 
to facilitate reading by the pilot. 

General : 

A sensitive airspeed indicator was used. Other instruments used 
were of normal configuration. In general, the instrumentation was 
relatively simplo in nature and trouble free. 



CONCLUSIONS AND RECOMMENDATIONS 



Steady state flight testing is the accepted means of deter- 
mining the airplane stability parameters in all cases where suf- 
ficient flight time to obtain the required data is available. 

Steady state testing methods are obviously not applicable to missiles 
or extreemly high speed aircraft which possess only limited endurance. 

Steady state flight testing requires a fairly high quality of 
pilot technique and does require several more hours of flight time 
than comparable dynamic methods but more information may be obtained 
using the steady state methods. 

The instrumentation required is relatively inexpensive and 
trouble free and the data reduction required is straight forward 
and relatively error free providing good data were obtained. 

It is recommended that: 

1. Careful and frequent calibrations be made of the instrument- 
ation. 

2. The angle of attack measuring instruments be calibrated 
more carefully. 

3. Maneuvering flights be conducted in the same configurations 
and power conditions using several different airspeeds to get constant 
acceleration curves from which, perhaps, a better determination of 
the damping derivatives may be made. 
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APPENDIX A 

The following is a tabulation of the results from 
Princeton Reports No. 231 and 232. Report No. 232 consists 
of the determination of longitudinal stability parameters, 
for a standard Ryan Navion, using theoretical calculations 
and steady state flight test' techniques. Report No. 231 
consists of determining as many as possible of these same 
parameter s for the same airplane using dynamic flight test- 
ing techniques. 



Clean - Power On 



Parameter 


Theoretical 


Steady State 


Dynamic 




• 


0.100 


0.088 


C ns 


-0.022 


-0.023 


-0.031 


N o 


0.380 


0.370 


0.440 


N 0 ’ 


0.420 


0.440 






0.46 


0.45 


0.52 


V 


0.53 


0.59 




CL, (based 
* on N q ) 


-0.37 


-0.39 




(based 
on N m ) 


' -0.75 




-0.67 


Se 


-0.17 


-0.12 


-0.18 


Si* 


-0.08 


-0.06 


-0.09 
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Clean - Power Off 



Parame ter 


Theoretical 


Steady State 


C L<x 


.084 


.090 




-.020 


-.022 


rte 


-.073 


-.068 


de 


-.15 


-.13 


N o 


O 

CO 

• 


.39 


V 


.42 


•44 


N m 


.46 


.47 


V 


.52 


.51 



Landing - Power On 



Parameter 


Theoretical 


Steady State 




-.028 


-.029 


K o 


.39 


.38 


V 


.41 


.43 



Landing - Power Off 



Parameter 


Theoretical 


Steady State 


Ss 


-.020 


-.024 


* 

V 


• 

00 


.41 


N 0 ’ 


• 

cn 

O 


.50 
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."xonination of the tables above shows the folloviny : 

1. Values of lots mined by the different net hods 
wo re o.ll 'within 1°*, 

Theoretical and r.te iy stot-s values of Cnrs>.$rdQ 
very c lonely vhil© the value of C^from dynamic tea tiny soe js 
to bo about 3 Ot hiyh. done of this could bo accounted for 
Im the fact that. non-linearities in the elevator anyle 
potentiometer used for lynomic wd r'z caused ° possibility 
of 10-13' ■ error in i dividual values of tho&lovator • onyle • 

/s 

’oue' r or , it^in probable that the slope of the elevator °nyl® 
c°libr • tion curve could bo more than 10 ' off. In r, te r 'dy 
state tostiny, poaor for level fliy.ht ' r ".s used. In the 
dynamic testing, less power vns used in order to hoop the 
engine Rfi r low to avoid -nyle of attach boom resonance. 

The 110 hi-H -air speed was attained by establishing a steady 
rate of descent. 

3. The values of the stlch fixed maneuver point A/m Vsf< 
a pair, "yroe between theoretical -and steady state values while 
the value from dynamic ten tiny seems to bo 17 ■ hiyh. The 
difference seems excessive sinco It re resents a 47 d dene rep- 
ancy in the maneuver margin. The graphical 'lots of Fiy". 

3 and 4 of Ro )ort Vo. °31 indicate the difficulty of obtain- 
iny from dynamic data the intercept which dotor-'ins the man- 
euver m orpin. 2ven thouyh the intercept i" defined by linos 
cronslny at a small angle this mn not ° ^ count for the 47 
discrepancy . Dynamic word w’-s severely ham by failure 

of the rote yyro and continued investig tion -*ith occur-' te 
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rste gyro meosuremonts my yield better results. Tho o fleet 
of c-rryi ny tho lo"or jovor for the dynp.nl e testing is ''.Iso 
op aront when tho oowor-off rr sneuvor :'>ryin from steady state 
results is considered. If the values from dynamic testing 



'’re compared with the power-off values 
the dl~rrep' , nay is °7 ■ Indicating that 
the lower jo- or in dynamic testing .avr 
T ! w v n lue of Cyti^ obtains! from sto 
is rue’’ 1 lo or th^n that from dynamic t- 



of steady state results 
the effect of carrying 
’■>0 very largo . 

°dy state testing 
3 tiny .'.or the r '°‘ r .e 



O'wzi.zi'' tho (U^crG ) n ,nc" tho n^nouv^r vT i^.r^in« 

The diff jr®noe in On*, is further accentuated by tho 
srv’.ll value of t s o laming derivatives obtained from steady 
state testify, "he theoretical mluo of A?*. determined 
from the otic!: fired noutr- 1 ;oint -ay re os with the value 
of Ctn^ from steady state testing and the theoretical 
vo lue of d -torr.inod frn otic:: fired maneuver oint 

agrees fully --.oil with the v ine of A** deter lined fr~ 0 .:: 
dynamic tests. This shorn that dynamic test results are 
very closely related to maneuverin' stability while the 
stem’/ -to+e results are yore nearly rel tod to °tatlc 



stability. ' 

"ho values of the das. in j lerim tives 'nd C 7 /?j,^ 

abtoi'"oi from theory and dynamic testing agree closely "hilo 
those obtained "ron steady 3tat© trtiny °ro t~o 1c* . This 
can bo ri ■aril'"’ ~ c counted for b* r the f^ct t.a* t the d - n - 
iny derivatives are very difficult to r:tr°et from t>e 
steady st-to tost d n ta and are ^resumed to- ho in error. 
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d. The *ro' to-t v Tl~nco bot o.^n the + hoorotias-l .and 
steady ot*»te flight tort results- vith f, '.o a- so ,tion of 
jarsneters -rovv usly di sous sod , va found to bo in t’^o 
stick froo maneuver joint for the xr:er-on, clean condi- 
tim, °nd in the stick flood neutral oint for too .^•o , 'sr- 
off,landir ; condition . 

It Is b iliovad thrt the diocro qancy in the tick froo 
nano over yoint nay bo attributed to the fact th~t at lo” 
ror. .cl sc on. !.o rati one the stick fore;- required in ley and 
erroneous ini' cations of stick force are ;ossible because 
of the friction in the control coluqn and elevator system, 
data reduction ° nd analysis indicated no change in nanou- 
v eriny oint betveen norm / 'l accelerations of 1.0 to 1,3, 
uovo’aor , if -n inf orool''tion is ' n 1 o botvoen the stick 
froo T'-'n^uvor ;oint for normal aco- lor- tions of 1.0 to 
l.|3, a v-iuo of : .nenvrr /oint of - ro: ia-tely 5 r ‘- ne°n 
°orodya^-a' c chord is obtained vhich oorrosyon is quite c 1 oscl 
uith the : 'Jj ne-n aerodynamic chord obtained from therrot- 
ical cor .s id ; rations* 

To-- stick i. nd novir-l ■•oint for the oo**cr-off , land- 
in,; ^onlition "hich uas obf- lnod from steady st-t^ te -t- 
cor nos > ends to t : ~o trends in .looted in t'>e other -c *er oon- 
oiticr" and confi auctions* -'ouever, the theoretical or-- 
lycic In". : a- ted con :.i l .r-hly no re stability. balyivjrt 
of t V- error involved can not *x> dcr.c vlth -ny -eyres of 
^co 1 o‘ rr j r)~ '-\r- ■ ' y> ^ ^ ^ ^ iov^o ° * or r - T r io 



(> 



'ferine car bo -■ c- our ted for i v the ':~ r lurfioo 
- ) in the theoretical -nol"-'! - . 

d<* J 



tde 



/I 



x^^tjor 
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